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Intrathecal drug delivery is an effective and safe option for the treatment of chronic pathology refractory 
to conventional pain therapies. Typical intrathecal administered drugs are opioids, baclofen, local anesthetics 
and adjuvant medications. Although knowledge about mechanisms of action of intrathecal drugs are every day 
more clear many doubt remain respect the correct location of intrathecal catheter in order to achieve the best 
therapeutic result. We analyze the factors that can affect drug distribution within the cerebrospinal fluid. Three 
categories of variables were identified: drug features, cerebrospinal fluid (CSF) dynamics and patients features. 
First category includes physicochemical properties and pharmacological features of intrathecal administered 
drugs with special attention to drug lipophilicity. In the second category, the variables in CSF flow, are 
considered that can modify the drug distribution within the CSF with special attention to the new theories 
of liquoral circulation. Last category try to explain inter-individual difference in baclofen response with 
difference that are specific for each patients such as the anatomical area to treat, patient posture or reaction 
to inflammatory stimulus. We conclude that a comprehensive evaluation of the patients, including imaging 
techniques to study the anatomy and physiology of intrathecal environment and CSF dynamics, could become 
essential in the future to the purpose of optimize the clinical outcome of intrathecal therapy. (Korean J Pain 
2013; 26: 336-346) 
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BACKGROUND 



Intrathecal drugs delivery (IDD) is an effective and safe 
option for the treatment of chronic conditions that are re- 
fractory to conventional therapies such as chronic cancer 



and non-cancer pain, and chronic spasticity [1-9]. 

IDD enables to achieve adequate symptoms control in 
patients suffering from symptoms that are not effectively 
controlled by pharmacotherapy, or in patients that develop 
intolerable side effects at the effective oral dose [1-8] I this 
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purpose is achieved, because IDD allows administrating 
medications, to bypass the blood-brain barrier, being the 
deposit of the medication directly in the intrathecal space, 
around the target, and resulting in a reduction of drugs 
systemic effects (Fig. 1) [8,10-13]. 

Drugs usually administered trough IDD systems belong 
to heterogeneous pharmacological class and have different 
features and mechanisms of action [2,6,12,13]. 

The trial intrathecal injection of medications, is usually 
performed in order to verify efficacy and side effects be- 
fore to implant an IDD system [1,2,4,6,10,14]. Unfortuna- 
tely not all patients with a positive trial response show a 
proportionate effect when IDD starts with a very large 
range of dosage [1,5,6,15,16]. In addition some patients 
who show a good clinical result during first stage of intra- 
thecal administration, develop a progressive need to in- 
crease daily dose to maintain an adequate symptoms con- 
trol [1,2,5,6,16]. 

Although many steps forward were made in the com- 
prehension of mechanisms of action of intrathecally ad- 
ministered drugs, many doubts remain respect the correct 
location of intrathecal catheter in order to achieve the best 
therapeutic result. On the basis of published data [17,18], 
one of the reasons why catheter tip position assumes a 
pivotal importance is its relationship between drug delivery 
and CSF dynamics, in order to reach the best clinical out- 
come and avoid side effects and complications. 

Any factor, or mechanical obstruction, that alter the 
drug spread within the CSF hampering to drug to get its 



site of action may be able to cause a clinical failure, side 
effects or complications [19-21]. 

In this review article, we analyze the factors that can 
affect drug distribution within the CSF fluid, and the varia- 
bles that can influence the choice to where place an intra- 
thecal catheter. 



REVIEW OF LITERATURE AND DISCUSSION 



The PUBMED/MEDLINE and Cochrane databases were 
searched for all reports on IDD and catheter related mor- 
bidity, published in any language. The key words included 
"intrathecal", "baclofen", "chronic pain", "intrathecal drug 
delivery", "opioids", "spasticity", catheter, and "granuloma" 
and all related publications between the earliest available 
date and August (week 1) of 2013 were searched. 

Since 1979, when Wang et al. demonstrated the efficacy 
of intrathecal morphine administration for the treatment of 
chronic pain [22], diffusion of IDD as an additional way to 
treat pain conditions refractory to conventional handling is 
increased. 

Different opioids have been considered for their use, 
positioning, both based on their physicochemical proper- 
ties, level of evidence in clinical practice, and versatility of 
presentations, for intrathecal use. 

Other than opioids, various molecules with heteroge- 
neous physicochemical properties are administered through 
intrathecal delivery system [6] and with different aims 
[6,7]. Drugs such as local anesthetics (LA) and ziconotide 




Fig. 1 . AP (A) and lateral (B) 
images of intrathecal catheter 
and implanted pump. 
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are effective to treat chronic pain whereas baclofen is ad- 
ministered for spasticity treatment and in lesser extent for 
pain treatment [1-4,6,11,13]. 

The causes of lost of effectiveness of an intrathecal 
administered drug are various. One of these causes is the 
appearance of tolerance during intrathecal administration 
[1-3,5,6,11,21]. Tolerance is defined by an increase in the 
required doses that does not result in any technical prob- 
lem [5], Diagnosis of tolerance should be based on the ex- 
clusion of other causes of ineffectiveness and exclusion of 
device malfunction [5,21]. 

IDD administration allows to leave medications directly 
in the cerebrospinal fluid! the assumption that drugs left 
in situ will spread by liquoral circulation up to reach their 
site of action is outdated and a more elaborate pattern of 
interaction between CSF dynamics, drugs and patients 
features has to be considered; a complete understanding 
of these mechanisms is of primary importance to provide 
a more accurate therapeutic plan and to avoid complica- 
tions related with IDD. 

Cerebrospinal fluid flow dynamics within the spinal ca- 
nal along with the physical, chemical, and immunological 
properties of intrathecal medications have been suggested 
to be responsible for the growth of inflammatory mass le- 
sions at the tips of intrathecal drug delivery catheters 
[6,15,23-29]. The formation of granulomas in intrathecal 
catheters has been reported to have a 0.04% occurrence 
rate two years after insertion of the catheter and 1.15% 
six years after insertion [24]. Overall incidence has been 
reported to be less than 1% but probably the incidence of 
this complication is underreported in literature [21,24]. 

Etiology of the masses is not well-know! hypothesis 
include chemical-physical features of infused drugs, im- 
purities and contamination of the infused solutions, bacte- 
rial infection, pyrogens and endotoxins, catheter features, 
effects of catheter implantation procedures, catheter posi- 
tion and CSF volume [6,16,24-29]. 

Intrathecal catheter tip granuloma typically occurs in 
the thoracic region! particularly, in patients receiving high 
doses or high concentrations of intrathecal drug infusions. 
Recent studies emphasize the role of opioids and in partic- 
ular the role of high morphine concentrations [14,18,21]. 
Intrathecal morphine infusion produces a dose-dependent 
local inflammatory reaction at the catheter tip in the dog 
model that can lead to inflammatory mass formations 
[24,27]; this don't seems related with a direct mu-receptor 



action but seem to be due to its capacity to induce in- 
flammatory mediator release from meningeal mast cells 
that could stimulate the diapedesis of inflammatory cells 
trough meningeal vessels [27]. Michael et al. [30] have 
pointed to the same risks factors and have observed no 
granuloma development with the use of baclofen and no 
differences in the development of granuloma with the im- 
planted intrathecal catheter versus the infusion pump. 

In a case report that prove the possibility of re- 
currence of intrathecal granuloma, also after a very brief 
period of time from granuloma removal, De Andres et al. 
[28] suppose that exist patients more prone to develop in- 
trathecal inflammatory mass, and hypothesize that the 
more time required for the development of the last gran- 
uloma was due to the new thoracic-location of the cathe- 
ter-tip, a level with faster CSF flow. This could have permit 
a greater dilution of morphine delaying the immunologic 
activation responsible for granuloma development. 

In a very recent paper published by Narouze et al. [29], 
the possible role of previous spine surgery or spinal injury, 
is analyzed regarding granuloma formation. There is an 
increased risk of development of granuloma in patients who 
have had previous spine surgery or spinal injury (68%) than 
in a general cohort of patients (48%), with an IDD pump. 

Regarding the prevention of the development of gran- 
ulomas, an expert panel of clinicians [31] referred to a 
number of recommendations and established a diagnostic- 
therapeutic decision algorithm focusing on the importance 
of imaging in the detection of these masses (MRI or com- 
puted tomography myelogram) and the assessment of 
neurological signs and symptoms shown by patients when 
deciding to remove IT catheters or not. 

Inflammatory mass formation and loss of effectiveness 
of intrathecal administered drugs therefore seem to be two 
phenomenons closely related with drug spread within the 
CSF fluid. Therefore, comprehension of mechanism that 
regulate drug distribution, including drugs features, drugs 
pharmacology, patients features and position of catheter 
tip, can improve the clinical approach to this field of pain 
treatment. 



LIPOPHILICITY OF MEDICATIONS 



Lipid solubility can play an important role in pharma- 
cokinetic of lipophilic drugs administered intrathecally and in 
the animal models the spinal bioavailability of lipid-soluble 
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opioids is diminished by their sequestration in hydrophobic 
environments, their relatively rapid clearance into plasma 
and their rapid elimination from CSF [17]. 

A recent study has demonstrated a clear changes in 
LA pharmacokinetic during continuous epidural adminis- 
tration when compared with single administration [31], this 
could be due, at least in part, to the drug sequestration 
by epidural fat, as hypothesized by Reina et al. [32]. 

We can imagine that, considered that epidural space 
is one of the major way of elimination for intrathecal ad- 
ministered opioids [33], epidural fat can exert an important 
influence on intrathecally administered drugs in relation 
with they lipophicility. Specifically, the clearance of intra- 
thecal drugs into epidural fat could determine the liquoral 
concentration of drugs! unfortunately, this action of epi- 
dural fat would be favorable in order to prevent inflam- 
matory mass formation concurring with the "high concen- 
tration" hypothesis, but at the same time make unavailable 
for clinical action part of the drug. 

In another study performed to investigate the dis- 
tribution and clearance of intrathecal administered opioids. 
Ummenhofer et al. [33] showed that cephalic spread of 
opioids within the CSF is a very slow process and that is 
the slowest for the more lipophilic opioids. On the contrary, 
the low spinal cord distribution volume of morhine, is re- 
lated with slow clearance into plasma The integral ex- 
posure of the spinal cord to the other opioids was relatively 
low, but for different reasons: alfentanil has a high clear- 
ance from spinal cord into plasma, fentanyl distributes 
rapidly into the epidural space and fat, and sufentanil has 
a high spinal cord volume of distribution [33]. The most 
lipid-soluble drugs, fentanyl and sufentanil, undergo the 
most limited rostral spread, but their very high volumes of 
distribution in the spinal cord, epidural space, and epidural 
fat result in very low integral exposure within the ex- 
tracellular fluid space of the spinal cord Morphine reaches 
the highest concentration in the spinal cord extracellular 
fluid space and is cleared slowly. This, although allows to 
morphine molecules to reach in the right amount its site 
of action, could facilitate the activation of immune cells 
and release of inflammatory mediator as indicated in pre- 
vious studies [16,24,27]. 

Furthermore, duramater veins are an important site of 
clearance of epidurally- administered opioids [17]. Multiple 
clinical studies that have demonstrated that the analgesic 
effect of spinally administered lipid-soluble opioids is due 



in part, if not exclusively, to uptake into plasma and dis- 
tribution to brainstem opioid receptors. If this evidence was 
true even for the intrathecally-administered drugs, we 
might hypothesize that a blood flow increase in the du- 
ramater veins, for example due to a localized inflammatory 
reaction, might clear more drugs, even though less lip- 
ophilic, and more rapidly from the CSF, causing a reduced 
drug concentration in cerebrospinal fluid. 

1. Opioids 

Opioids are one of the most common drugs used for 
spinal administration. Different opioids have been consid- 
ered for IDD, positioning, both based on their physico- 
chemical properties, level of evidence in clinical practice, 
and versatility of their presentations, for intrathecal use. 

They are recommended to treat chronic pain trough 
spinal administration alone or in association with other 
drugs [6]. 

Although all opioids molecules have similar mechanism 
of action that consist in an analgesic effect mediated by 
u,— opioid receptor [34], chemical-physical features of their 
molecule can influence considerably their pharmacokinetic 
when administrated within the CSF. 

The most important chemical aspect is the opioids 
lipophicility. In fact it affects the spread of the opioids 
within the cerebrospinal fluid, the onset time and the drug 
clearance from CSF towards blood stream [17,33,35]. 
Moreover, all these variables determine opioids concen- 
tration within the CSF, one of the most suspected cause 
of inflammatory mass formation. 

1) Morphine: Intrathecal morphine is the first line, 
therapy in treating patients with neuropathic and noci- 
ceptive chronic pain, including both cancer and non-cancer 
pain types [6,7,36]. 

Morphine is a pure ^ -receptor agonist that acts bind- 
ing opioid receptors situated in the substantial gelatinosa 
of the spinal cord and at brain level [6,37]. It is the least 
lipophilic opioid and this has important implications for its 
pharmacokinetics: morphine penetrate biologic membrane 
more slowly than lipophilic opioids and its accumulation in 
fatty tissues is less than other more lipophilic opioids [34]. 

2) Hydromorphone: Hydromorphone is a semi-syn- 
thetic hydrogenated ketone of morphine, it's an analgesic 
molecule 5-7 times more potent [38] and more rapid than 
morphine [6]. 

Hydromorphone molecule activates more than one 
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subtype of opioid receptor - mu, delta and K - [6] and 
has a lipophicility only slightly higher than morphine [38] I 
this feature can explain its selective spinal analgesia with 
less supraspinal spread and thus less side effects [6,38]. 

It can be used for intrathecal administration and it's 
included, as first-line therapy in treating patients with no- 
ciceptive pain and second-line therapy either as mono- 
therapy or in combination with bupivacaine or clonidine in 
neuropathic pain, with choice restrictions based on cost 
[6,39]. 

3) Fentanyl and Sufentanil: Fentanyl and sufentanil are 
selective |x -opioid receptor agonists and have a higher in- 
trinsic activity than morphine. They produce dose-depen- 
dent analgesia acting at spinal cord dorsal horn activating 
fewer receptors than morphine to induce an equivalent an- 
algesia whereupon they produce less tolerance [40]. 

Fentanyl and sufentanil are more lipophilic molecules 
than morphine and have a rapid diffusion in fatty tissues 
[40] with an higher volume of distribution [34]. 

Both drugs are recommended for intrathecal admin- 
istration; fentanyl as first choice for line 3 drug, sufentanil 
is suggested as primary line 4 drug if line 3 approaches 
are ineffective. As a novelty in cases of nociceptive pain, 
fentanyl has been upgraded to first line because of a long- 
term positive safety profile [6], 

2. Local anesthetics 

Bupivacaine and Ropivacaine are two amino-amide LA 
that act causing a reversible block of voltage-gated so- 
dium channels in axons [41]. 

Lipid solubility of these drugs increase with the in- 
creasing of the molecular weight accordingly with the 
R- substitution in their molecule. For this reason bupiva- 
caine is a more liphophilic molecule than ropivacaine [41]. 

Bupivacaine allow to achieve adequate analgesia with- 
out significant motor blockade [41]. Even though ropiva- 
caine has a clinical profile similar to bupivacaine it's a less 
potent and short-acting agent in term of motor fiber 
blockade [41]. This differential blockade of sensory and 
motor fibers is the basis for the widespread use of these 
LAs for the treatment of chronic pain. 

Bupivacaine is recommended in combination therapy 
for treatment of patients with mixed and neuropathic 
pains, whereas ropivacaine is a line 5 drug which use is 
recommended with caution because of little information 
about safety and efficacy during long-term intrathecal ad- 



ministration [6]. 

Although LAs don't seem to be related to inflammatory 
mass formations, LA lipophilicity is important to determine 
drug pharmacokinetic conduct and thus LA concentration 
and spread within CSF, and CSF clearance. 

3. Baclofen 

Baclofen is a structural analogue of gamma-amino- 
butiryc acid (GABA), the most important inhibitory neuro- 
transmitter in the brain. It binds GABA-receptor, both 
presynaptically and postsynaptically, causing inhibition of 
monosynaptic and polysynaptic spinal reflexes [12,42]. 
Exert its action at spinal cord level inhibiting calcium up- 
take thus impeding the release of excitatory neuro- 
transmitters that cause spasticity [2,12,13]. 

Unfortunately baclofen has a poor lipid solubility and 
does not cross the blood-brain barrier effectively [1,11-13]. 
Even at large oral doses, baclofen reaches relatively low 
levels at its site of action in the CSF while reach high plas- 
ma levels that can cause unwanted side effects [2,11,13]. 

On the contrary, baclofen infused intrathecally reaches 
a higher concentration at its sites of action in spinal cord 
and provide safe and effective treatment to reduce spas- 
ticity and spasms with a small doses compared with oral 
administration [11 — 13]. It is known to exert its effect at 
spinal level penetrating the superficial layer of spinal cord 
and binding GABA B receptor sites [13]. 

Regarding the use of baclofen in progressive and se- 
vere spasticity refractory to medical therapy, authors such 
as Natale et al. [43] or Uchiyama et al. [44] consider it 
to be a good treatment option, in keeping with the avail- 
able literature. In 2012, successful use of ITB has been re- 
ported in patients with dystonia [45,46], myoclonus [47], 
dysautonomia and hypertonia following severe traumatic 
brain injury [48]. In patients with complex regional pain 
syndromes with dystonia, Van der Plas et al. [49] demon- 
strated a significant improvement in global intense pain, 
sharp pain, dull pain, and deep pain during the first 6 
months. After this period, the scores leveled off despite 
further improvement of dystonia and continued ITB dose 
escalation. 

Despite its effectiveness is known from approximately 
twenty-five years [4], the role of catheter position in 
treatment of spasticity is still controversial and in 2007 
first three case of baclofen related inflammatory masses 
was reported in literature [23], bringing to light a matter 
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until then believed to belong to the opioids. 
4. Ziconotide 

It is the synthetic form of the hydrophilic peptide 
co-MVIIA from the venom of a marine snail, it binds rever- 
sibly and with high affinity to a subset of voltage-sensitive 
calcium channels, the N-type channels, whereas other 
types of voltage-sensitive calcium channels are not affected 
by Ziconotide [50]. A clinical vial for IDD infusion contains 
ziconotide acetate, with L-methionine (0.05 mg/ml) and so- 
dium chloride as excipients at pH 4.0 to 5.0 (Prialt R ''; Elan 
Pharmaceuticals, Inc.). It is a non-opioid molecule with a 
higher hydrophilicity that is nearly exclusively distributed 
in the CSF [6]. 

N-type voltagesensitive calcium channels (NVSCCs), 
abundantly present in the superficial lamina of the spinal- 
cord dorsal horn, were identified as its target site [50]. 
NVSCCs are found exclusively in presynaptic neurons, and 
their inhibition results in blocking the release of pre- 
synaptic algesic neurotransmitters into the synapse, which 
subsequently control a variety of calcium-dependent pro- 
cesses. NVSCCs, have an important role in the spinal 
processing of nociceptive afferent activity. These calcium- 
channels are also present in CNS and are responsible for 
supraspinal neurological side effects of ziconotide [50]. 

Ziconotide is a non-opioid level one drug recommended 
in intrathecal therapy with morphine and Hydromorphone 
[6]. 

In its consensus paper, the PACC 2012 reviewed the 
available literature on the use of ziconotide, reflecting latest 
data on its long-term efficacy in monotherapy or combi- 
nation therapy, safety, use in IT morphine detoxification 
and trialing of IT [6,14]. Alicino et al. [51] also recognize 
the success of ziconotide plus morphine in chronic cancer 
pain patients. 

Dupoiron et al. [52] conducted an observational study 
in which they observed that a low starting dosage of zico- 
notide, followed by slow titration, decreases the incidence 
of major adverse events, but moderate adverse events oc- 
curred at rates similar to those reported previously. 

This relatively new drug, present an advantage of pri- 
mary importance in the management of IDD, spinal cathe- 
ter-tip granulomas that might arise during intrathecal 
opioids treatment have not yet been recorded for ziconotide 
[50]. 



DRUG MOVEMENT IN CSF 



It's known that time course and extent of analgesia 
depend from drug movement in the CSF and from drug 
penetration in the spinal cord tissue [35]. In addition, it is 
necessary to understand CSF flow kinetics and drug dis- 
tribution for IDD [53]. Wallace et al. [54] conducted a study 
on steady state morphine and morphine metabolite con- 
centrations in the CSF and peripheral circulation and the 
effects upon CSF chemistry (protein, glucose, white blood 
cells) after long-term spinal infusion. The chronic delivery 
of intrathecal morphine has no prominent effects on CSF 
chemistry. The study also presents an interesting case of 
the changes in CSF morphine concentrations that occur in 
the presence of a granuloma. The authors support the 
concept described by Bernards [55] about rostrocaudal 
gradients with low-rate chronic infusion. 

Doubts concerning the correct intrathecal catheter lo- 
cation in order to obtain the best clinical outcome rose 
from the start of IDD administration. In the case of baclo- 
fen one of the first attempt to solve the problem indicated 
as major determinant of drug rostral spread the cere- 
brospinal flow pattern [56]. Today this concept of CSF cir- 
culatory system that provide an homogeneous drug spread 
is no longer correct. 

Several studies show that drug spread within the CSF 
is very limited and that cerebrospinal spread are of small 
extent and not homogeneous within the spinal canal 
[35,57,58]. 

Flack et al. [57] in 2010 performed an animal study 
to evaluate the effect of position and baricity on drug 
spread within the liquoral space during the very slow in- 
fusion rates typically used for chronic IDD administration. 
The drugs used in this study were baclofen and bupiva- 
caine, an example of hydrophilic and lipophilic drug re- 
spectively. The study shows significant differences in drugs 
distribution according to animal position and a limited 
spread of bupivacaine probably due to a more rapid clear- 
ance from the CSF. They conclude that drug disposition 
within the CSF and spinal cord are affected by baricity and 
by posture highlighting the substantial difference between 
slow intrathecal infusion and intrathecal bolus. With par- 
ticular reference to baclofen they found that these findings 
might explain that percentage of patients that, after a 
significant improvement after an intrathecal trial bolus, 
failed to improve with intrathecal baclofen infusion despite 



www.epain.org 



KJP 



342 | Korean J Pain Vol. 26, No. 4, 2013 



progressive dose augmentation; this also might explain the 
extreme dose variability to achieve spasticity control in pa- 
tient that showed a similar response after a intrathecal 
trial bolus. On the light of these results he also state that 
"...the location of the intrathecal catheter tip relative to 
the targeted spinal cord segment(s) is a potentially im- 
portant determinant of efficacy" [57]. 

Regarding the CSF movements a research conducted 
to study the opioids distribution after intrathecal injection 
observed that despite injection of identical volume at a 
fixed rate using a slightly hypobaric solution, a remarkable 
heterogeneity in time pattern of drug concentrations was 
present in the CSF in more rostral sampling sites. The au- 
thors explained these differences by variation of the phar- 
macokinetic mixing parameter Kmix. This variable describe 
the rapidity of the CSF mixing movement. The authors hy- 
pothesize an individual variability of this parameter with 
some areas of intrathecal space characterized by rapid 
mixing and other by slow mixing. 

Although physiological basis from Kmix variation is 
unknown, it could reflect the local anatomy of the site of 
drug injection, where some sites might be in a channel of 
rapid CSF movements whereas nearly adjacent sites are in 
relatively quiet movements of CSF [35]. 

To apply this findings to IDD, characterized by very 
slow infusion rate, it's possible to imagine the continuous 
infusion as a sequence of uninterrupted micro-bolus. In 
this way, if the catheter tip lie in a rapid mixing channel, 
the drug spread will be greater than in case of a catheter 
tip lying in a slow mixing channel, causing great difference 
in drug mixing and spread. Another hypothesis, that should 
be investigated, is that the catheter itself might alter the 
CSF dynamic modifying the Kmix of the area where lie. 

Another study that investigate the origin of subara- 
chnoid pulsations identify three dynamic channels along 
the spinal axis and state that CSF spinal pulsation are 
heterogeneous in their configuration and in their prop- 
agation [58]. Interestingly, one of the variables that influ- 
ence this heterogeneity is spinal compliance that depends, 
in some measure, also from the presence of epidural veins 
and epidural fat. 

Hsu et al. [59] have proposed image-based computa- 
tional fluid dynamics (miCFD) for investigating IDD. The 
novel miCFD method combines quantitative medical imag- 
ing and computational fluid dynamics (CFD) to generate 
patient-specific computational models in order to explain 



the cause of high variability in drug distribution in the 
spine. Patient physiological variables such as heart rate 
and CSF stroke volume are considered to be key factors 
in drug biodistribution [60]. An interesting study on CSF 
in the lumbosacral dural sac at various vertebral levels was 
conducted by Prats-Galino et al. [61], who showed, using 
magnetic resonance imaging (MRI), a mean CSF volume of 
34.3 ± 5.1 ml (mean CSF volume per vertebral segment 
ranged from 4.3 ± 0.7 ml at L5 and 5.8 ± 2.5 ml at LI 
with high inter-individual variability). 

This to highlight the fact that two determinant of 
pharmacokinetic of intrathecal drugs exert they influence 
even on CSF dynamics and suggest that a pre-implant 
anatomical study performed with imaging technique, in the 
future, might play an important role in the evaluation of 
a candidate for IDD [61]. 



PATIENTS FEATURES 



Our experience suggest that a comprehensive evalua- 
tion of the patient candidate to IDD assume a pivotal role 
to choose the best catheter position. 

In the specific case of baclofen intrathecal infusion, to 
this day, it isn't possible define an univocal site where 
place the catheter-tip. 

With the classical lumbar approach the catheter tip is 
usually placed in the intrathecal space between approx- 
imately T10 and L2 [3,4,10] but literature report effective 
case of more rostral placement. 

There are many concerns about cervical catheter tip 
position because of the risk of major side effects related 
to baclofen overdose such as sedation, convulsion, respi- 
ratory depression and coma. Plassat in his review show 
that severe side effects, present in 12% of patients, are 
directly related to errors occur in pump refill procedure in 
80% of the case [5]. This fact offer a wide margin to re- 
duce severe side effects and make IDD a more safe 
technique. 

Better control of upper-extremity spasticity was found 
to be associated with mid-thoracic tip placement in chil- 
dren with spastic quadriparesis [61] and no adverse events 
was related to the more rostral location of the catheter 
[61,62]. More recent literature confirm these findings, 
stating that the cervical positioning of the catheter is fea- 
sible and safe and that side effects due to baclofen are 
comparable with other studies with catheter- tip in con- 
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ventional position [63]. 

Although these studies show result from a non-homo- 
geneous population and from a child population they sug- 
gest that upper-extremity spasticity benefit from a more 
rostral administration of baclofen. Baclofen despite his hy- 
drophilicity, present a limited spread within the CSF show- 
ing a lumbar-to-cisternal gradient of 4 : 1, moreover, fac- 
tors as baricity of compounded solution and patient bear- 
ing can limit further the cephalic spread of baclofen caus- 
ing an ineffective drug concentration in the upper intra- 
thecal space segments, just where baclofen exert its action 
in a patient with upper-extremity spasticity. 

In our specific case we hypothesize that baclofen also 
has an action at supramedullary level and that inflam- 
matory reaction at cervical site has played an important 
role hampering to baclofen to get its site of action. 

To the direct surgical visualization, the cervical spinal 
area appeared totally surrounded by an abundant amount 
of fibrotic tissue that imprinted the dural sac in the cervical 
segment corresponding to the catheter position. Our hy- 
pothesis is that fibrotic scar, conditioning a canal stenosis 
documented also by magnetic resonance, can function as 
a mechanical barrier creating a partitioning within the in- 
trathecal space. This partitioning could be responsible for 
an alteration of CSF dynamics creating a two connected 
liquoral space but with a clear separation of CSF move- 
ments. For this reason we can imagine a liquoral compart- 
ment below the fibrotic scar with higher baclofen concen- 
tration but that can't reach its receptor target and a liquo- 
ral compartment upon the fibrotic scar with an ineffective 
low baclofen concentration. This hypothesis is reinforced 
by a recent research performed by Kumru et al., to eval- 
uate the contribution to baclofen effects from CNS regions 
above the spinal cord. Neurophysiological results showed 
in their study confirm that baclofen have, at least in part, 
an action at brainstem level [42]. 



CONCLUSION 



IDD is a proven and effective tool in the hands of pain 
specialists to treat chronic intractable cancer and non- 
cancer pains. 

In the last decade the common effort brought to 
shared guide-lines for a more rational use of IDD [6]. 
Nevertheless exist a certain number of cases of failure if 
IDD despite a positive trial and case of loss of effectiveness 



during the treatment; in addition, exist a broad range vari- 
ability in drug dosage to obtain the same clinical effect. 

We have identified some factors that should be consid- 
ered when a patient is candidate for an intrathecal drug 
infusion, they can be included as follows: drug features, 
CSF dynamics and patients features. This subdivision has 
only a didactic meaning because the three categories are 
tightly related influencing each other. 

The case of baclofen, recently associated with the on- 
set of intrathecal inflammatory mass, is an example of 
complexity of interaction between these factors. 

Some authors have reconsider the role of baclofen in 
the development of intrathecal masses leaning towards a 
concentration-related baclofen precipitate rather than 
concentration-related immune reaction [64]. This theory, 
even though explain the different mechanism of mass for- 
mation between opioids and baclofen, emphasize even 
more (maybe more than for the opioids related inflam- 
matory masses) the importance of catheter tip position. 

Hence, although there is the need to know more about 
mechanisms influencing drugs action within the CSF, our 
knowledge are enough to state that decision of catheter- 
tip position can't be left to chance. All the factors formerly 
listed should be carefully examined before to start an in- 
trathecal infusion and periodically revised particular in 
case of acute events affecting the "spinal environment" 
such as spinal surgery or IDD system revision. 
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